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Abstract 
Click here and insert your abstract text. With the computational fluid dynamics commercial software fluent, the 
improved RNG k-ε two- equation mode and the mixture multiphase model are used to simulate the fluid velocity 
distribution under different boundary conditions in a vertical-flow sedimentation tank, analysis and comparison 
of changes in boundary conditions of the flow field on the impact of sedimentation tanks. Results indicate that 
reflector ignored or not and the size of the entrance velocity have a greater impact on the distribution of flow filed in 
a vertical-flow sedimentation tank, sludge particles have different velocity on the different heights of the horizontal 
surface. 
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Nowadays, the vertical-flow sedimentation tank, which has the advantages such as small area, mud 
easily, high precipitation efficiency, is widely used in small sewage treatment plant [1].The traditional 
design of vertical-flow sedimentation tank is mainly based on the surface load carried, which is of great 
subjectivity, and is lack of objective, scientific knowledge and understanding about the dynamic 
distribution of the pool water, suspended solids concentration [2-3].From the beginning of the 20th 
century to today, many foreign and domestic scholars got a lot of numerical simulation and analysis of 
various sedimentation tanks flow field through CFD (computational fluid dynamics), they have found out 
that the pool of solid-liquid two-phase flow pattern has an important impact on sludge settleability [4-
9].In this paper, the improved RNG k-ε two-equation model and the simplified multiphase mixture model 
are used to simulate the flow pattern of flow fluid in a vertical-flow Sedimentation tank [10] ,providing a 
theoretical basis for the vertical-flow sedimentation tank’s optimized design. 
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1. Mathematical model 
The Anderson et.al [11-12] experimental study has shown that there are a variety of phenomena such 
as density flow, stratified flow, coagulation and sedimentation, regional precipitation and compression 
precipitation exist, and the flow of the sedimentation tank which had precipitation and flows coupled 
together, is fairly complex. Mixture model is a simplified two-fluid model that can simulate two-phase 
flow or the particle flow, solve the mixed-phase continuity, the momentum and energy equations and the 
second phase volume fraction equation, and achieve the relative speed of the algebraic. Because mixture 
model is simple, calculation is relatively small and the results are more reliable, it has been widely 
applied [13]. Following is the mixture model’s continuity equation. 
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In the formula (1) - (3): mρ is a mixed phase density; kρ is the k-phase density, kα is the volume 
fraction of the end phase k; mν
K
is the average speed of mixed with the quality; kν
K
is the average speed of 
the k phase quality; m is the quality pass of the user-defined source relative quality.  
The improved RNG (renormalization group) k-ε two-equation model adds two factors the rotation of 
the average flow and the flow of swirl to calculate, and better solve the situation of the high variability 
and the greater degree of flow lines bending. In this paper, author uses the turbulence model to simulate 
the flow pattern of sedimentation tanks. The turbulent kinetic energy k and the dissipation rate ε of 
turbulent kinetic’s energy transport equation are 
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In the formula: μ is viscosity; tμ is the turbulent viscosity coefficient; ⎥
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2. The model simplify and the basic calculation parameters 
As the vertical-flow sedimentation tank is an axisymmetric geometry, the three-dimensional flow 
pattern simulation mode can be reduced to two-dimensional flow simulation model [14] to describe the 
flow field distribution of sedimentation tanks. 
In schematic Figure 1, the total height of vertical-flow sedimentation tank pool is 9.25m, the pool 
diameter is 7.64m, and the water center tube which has a bell bottom, its diameter is 1.15m, its height 
3.78m, and the concentration of sludge is 3.4kg/m3 .In the two-dimensional model in Figure 1, it uses a 
structured quadrilateral to mesh grid, and its grid number is 31 792. 
 
Fig.1 Geometry of vertical-flow sedimentation tank 
3. Calculation and analysis 
3.1. Reflector impact on the distribution of flow field in a sedimentation tank 
Under the water flow in the same condition, the sedimentation tank is flow field in two different 
conditions, which the reflector was ignored or not. The results show in Figure 2. Analysis and comparison 
of results show that reflector have changed the direction of fluid flow at the end of center pipe of the 
water-side and effectively prevent the fluid flow of disturbance on the sludge layer which have existed in 
the bottom of the sedimentation tank, also the reflector play a role in water distribution which make the 
flow uniform distribution. The reflector improved the efficiency of sedimentation tanks. 
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(a) With reflector 
 
 
(b) No reflector 
Fig.2 Flow filed distribution with reflector or not 
3.2. Inlet velocity impact on the distribution of flow field in a sedimentation tank 
In the case of maintaining a reflector, simulating the sedimentation tank of flow field under different 
conditions of inlet velocity, which is 0.01、0.02、0.03、0.04m/s. The results shown in Figure 3. 
Analysis of results show that in the case of inlet velocity remain at 0.01m/s, fluid flow form several 
recirculation zone which is not conducive to the formation of sludge layer under the bottom of reflector 
bypass the reflector and due to the inlet velocity is lower，raw sewage can not be quickly spread to the 
entire range of radial sedimentation tank. In the case of inlet velocity remain at 0.02m/s、0.03m/s, raw 
sewage can rapid and uniform distribution of the entire radial extent of sedimentation tank through the 
reflex of reflector. In the case of inlet velocity remain at 0.04m/s, as the water velocity is too high, after 
reflection through the reflector, has a higher mobility, resulting in larger disturbances, the settlement 
reduces the sedimentation tank separation. Concluded from the above analysis: the inlet velocity at 0.02-
0.03m/s is appropriate at the presence of reflector. 
 
 
(a) Velocity at 0.01m/s 
 
 
 
(b) Velocity at 0.02m/s 
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(c) Velocity at 0.03m/s 
 
(d) Velocity at 0.04m/s
Fig.3 Streamlines in circular clarifier 
3.3. Simulation of particle settling velocity of sludge in different height levels of the surface  
In the case of retaining the reflector and the flow rate of import maintained at 0.03m/s, numerical 
simulate the sedimentation tank and sampling and analysis the settling velocity of sludge particles in 
different high level of surface. Take level heights as 4、5.3、6.5、8 m and sample rate curve shown in 
Figure 4. The analysis of the calculation results show that sedimentation velocity of the sludge particle 
varies in different height levels of surface. In the radial direction, the whole trend of the settling velocity 
of sludge particle on horizontal surface is from the negative to positive and then to negative, the positive 
data is due to reflector reflection which makes the particles mobility upward with flow. And the region of 
settling sludge particles is mainly distributed near the wall area. 
 
 
Fig.4 Sludge particle settling velocity distribution curve 
4. Conclusion
In this paper, the author uses the improved RNG k-ε two-equation turbulence model and a simplified 
two-fluid mixture models, with the help of large-scale fluid dynamics software fluent 6.3, to numerical 
simulate the different conditions of the vertical flow sedimentation tank. The results showed that: the 
reflector which under the center tube of vertical flow sedimentation tank plays a vital role in uniform 
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distribution of water and it can not be ignored in the design of the vertical flow sedimentation tank; under 
certain conditions of the flow, the appropriate rate of imported water should remain at 0.02-0.03m/s, 
which help the water spread evenly throughout the radial range of sedimentation tanks and improve the 
sedimentation tanks efficiency; particle settling velocity of sludge in different height levels of the surface 
is also different. 
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